Myelin-associated proteins are involved in the formation and stabilization of myelin sheaths. In addition, they prevent axon regeneration and plasticity in the adult brain. Recent evidence suggests that the expression of certain myelin-associated proteins (e.g. Nogo-A) can be regulated by synaptic activity or by overexpression after neural lesions in brain syndromes such as temporal lobe epilepsy. However, no studies on Alzheimer disease (AD) have been reported in which cell loss and significant synaptic reorganization occurs. In the present study, we analyze in detail the expression of Nogo-A in the hippocampal formation in normal human aging and in AD. Our results indicate that Nogo-A is expressed by oligodendrocytes and neurons in the aged hippocampal formation. In addition, both granule cells and mossy fiber connections are also labeled in the old-aged hippocampi. Interestingly, Nogo-A is over-expressed by hippocampal neurons in AD and is associated with A-amyloid deposits in senile plaques. Taken together, our results reinforce the hypothesis that Reticulon proteins such as Nogo-A participate in the neuronal responses stemming from hippocampal formation during senescence, and particularly in AD. These findings also indicate that Reticulon proteins could be considered as new putative drug targets in therapies of neurodegenerative disorders.
INTRODUCTION
Alzheimer disease (AD) is characterized by the presence of neuritic and cerebrovascular plaques containing A-amyloid (AA) peptides, neurofibrillary tangles enriched in hyperphosphorylated tau protein, activation of glial cells, and neuronal degeneration (1Y3). Numerous studies have reported that fibrillar AA peptides are toxic to several cell types, including cultured neurons in vitro (4) and in vivo (5) , endothelial cells (6) , and glial cells (7) . Oligodendrocytes are particularly reactive and vulnerable to oxidative stress, inflammatory cytokines, and excitotoxic neurotransmitters, all of which cause injury in AD-affected brains (8) . Hence, the degeneration of oligodendrocytes may correlate with the loss of myelinated axonal tracts described in AD (9, 10) . The loss of oligodendrocytes might have deleterious effects on neuronal viability, since they express multiple growth factors in the normal brain (11Y13).
Several myelin-associated proteins involved in the formation and maintenance of myelin sheaths also prevent axonal regeneration and plasticity in the adult mammalian CNS (14) . To date, 3 myelin inhibitors with these functions have been characterized: Nogo-A (15Y17), myelin-associated glycoprotein (MAG) (18, 19) , and oligodendrocyte-myelin glycoprotein (OMgp) (20, 21) . Nogo-A contains 200 amino acids in its C-terminal region, which is homologous to members of the Reticulon (Rtn) gene family (22) . All 3 myelin-derived molecules share a common neuronal receptor complex comprising NgR, p75, TAJ-1/TROY, and LINGO-1 (23) (24) (25) (26) . Studies using >-Nogo antibodies have shown that most Nogo proteins in oligodendrocytes and neurons are localized to the endoplasmic reticulum, with only a low percentage found in the cell membrane (17, 27Y29) .
Several studies have described the presence of Nogo-A and NgR mRNAs and proteins in the human brain, both during development (30Y32) and in the adulthood (33, 34) .However, characterization of Nogo-A-immunoreactive cell types in the adult hippocampus has led to conflicting results (33, 34) . Although the function of Nogo-A in neurons is largely unknown, it has been implicated in synaptic plasticity following CNS injuries in rodents (35Y39). In addition, recent findings indicate that cell expression of certain myelin-associated proteins can be modified in several brain pathologies. Indeed, increased levels of Nogo-A have been described in patients with temporal lobe epilepsy (34) Copyright @ 2006 by the American Association of Neuropathologists, Inc. Unauthorized reproduction of this article is prohibited. and in multiple sclerosis (40) . Increased Nogo-A mRNA levels have been reported in schizophrenia (41Y43). In spite of these studies, no data are available on AD, in which increased myelin-basic protein (MBP) mRNA levels have been described in affected brains, in parallel with losses of myelin tracts (44, 45) . The hippocampal formation (HF) is an early and one of the most severely affected brain areas in AD (1) . With this in mind, we examined the expression of Nogo-A in human HF in both normal aging and AD. We provide evidence that Nogo-A is expressed in the adult human hippocampus by principal and local-circuit neurons, as well as by oligodendrocytes. Surprisingly, Nogo-A immunoreactivity is also observed in granule cells and their projecting axons in old-aged brains. Moreover, a relevant increase in Nogo-A expression is found in pyramidal neurons of both the HF and the neocortex in AD and is also localized in senile plaques around amyloid deposits that were also surrounded by reactive astrocytes. Taken together, these results not only indicate that Nogo-A is upregulated in the AD hippocampus, but also reinforce the hypothesis that Nogo-A plays a role in synaptic plasticity and functional reorganization in certain brain diseases.
MATERIALS AND METHODS

AD and Non-AD Cases
This study is based on 14 non-AD and 16 AD postmortem human brains from the Institute of Neuropathology and University of Barcelona/Hospital Clinic Brain Banks. All brains were obtained within 2 to 13 hours after death, following (46) . Fourteen cases were neurologically normal. Cases with and without clinical neurological disease were processed in the same way following the same sampling and staining protocols. At autopsy, half of each brain was fixed in 10% buffered formalin, while the other half was cut in coronal sections 1-cm thick, frozen on dry ice, and stored at j80-C until use. In addition, 2-mm-thick samples of the cerebral isocortex, cingulum, hippocampus and entorhinal cortex, and brainstem were fixed with 4% paraformaldehyde for 24 hours, cryoprotected with 30% sucrose, frozen on dry ice, and stored at j80-C until use. Following neuropathological examination, AD cases were categorized as stages V/VIC of Braak and Braak (1, 47) . Concomitant Lewy body disease occurred in no case. Control cases (non-AD) did not show neurological or metabolic disease, and the neuropathological examination, carried out in similar regions and with the same methods as in AD cases, did not show lesions. In particularly, no amyloid or tau deposits were seen in the regions examined. Therefore, cases with AD-related changes corresponding to stages I to III of Braak and Braak were not considered in the present study.
In addition, paraformaldehyde-fixed sections of the HF from 2 epileptic patients with hippocampal sclerosis who had undergone an anterior temporal lobectomy at the Neurosurgery Department of the BLa Princesa[ Hospital (Madrid, Spain) (Table) (see ref. [48] for technical details) were included in this study.
Antibodies
Several antibodies against Nogo proteins were used: a polyclonal antibody against amino acids 223Y399 of human Nogo-A (Gen Bank Accession No. KIAA0886, diluted 1:2000); a goat polyclonal antibody against Nogo, N-18, which recognizes Nogo-A, -B, and foocen (diluted 1:200 from Santa Cruz Biotechnology, Santa Cruz, CA); and a monoclonal antibody (NG1) against Nogo-A (49). The following primary antibodies were also used: a mouse monoclonal antibody against glial fibrillary acidic protein (GFAP, diluted 1:500, Chemicon, Temecula, CA) to label astrocytes; a mouse monoclonal antibody against MBP (Chemicon) to label the myelin protein (diluted 1:500 for Western blot and 1:250 for immunohistochemistry); a monoclonal antibody against a nonapeptide epitope derived from the hemaglutinin protein of human influenza virus (HA, diluted 1:1000, clone 12CA5; Roche Applied Science, Indianapolis, IN); a rabbit polyclonal antibody against human neuronal specific enolase (NSE, diluted 1:200, Dako, Glostrup, Denmark); a monoclonal antibody against human A-amyloid (1Y17) (clone 6E10, diluted 1:500, Sigma, St. Louis, MO). Finally, a rabbit polyclonal antibody against carnosine (Ajalanyl-L-histidine) (CAR, diluted 1:400; kindly provided by F.L. Margolis, Baltimore, MD) was used to label oligodendrocytes (50, 51) .
Western Blotting and Immunoprecipitation Techniques
Human postmortem tissue samples from frontal cortex (area 8) and hippocampal formation (Table) were homogenized (10% w/v) in ice-cold Tris-saline buffer (50 mM Tris-HCl, 150 mM NaCl, pH 7.4) containing 0.5% (w/v) Triton X-100, 0.5% (w/v) Nonidet P-40 (Igepal, Sigma) and 1Â cocktail of protease and phosphatase inhibitors (HB buffer) (52), using a motor-driven glass-teflon homogenizer in ice. The homogenate was clarified by centrifugation at 13,000 Â g for 15 minutes, and the protein contents of soluble fractions were determined using the Bio-Rad detergent-compatible assay (Bio-Rad, Hercules, CA). Tissue extracts (i.e. 10 Kg for MBP or 30 Kg for Nogo-A samples) were boiled in Laemmli sample buffer at 100-C for 10 minutes, followed by 6 to 10% SDS-PAGE, and electro-transferred to nitrocellulose membranes (Amersham Biosciences, Little Chalfont, UK) for 6 hours. . Membranes were subsequently incubated with peroxidase-tagged secondary antibodies (>-IgG raised in goat, rabbit, or mouse, respectively, Dako) and peroxidase activity was visualized using the ECL-plus kit (Amersham Biosciences). Cell extracts from Nogo-A transfected COS1 cells were used as an internal control. Quantification of the density of bands of Western blots was performed using the Bio-Rad Quantity One Image software (Bio-Rad). Films were scanned at 1,200 x 1,200 dpi resolution and the densitometric values (from 0 to 255) of labeled bands were determined. The ratio of Nogo-A or MBP bands to NSE was then calculated for each AD and non-AD sample. The Student t-test was used to assess statistical significance.
For immunoprecipitation, brain lysates from AD patients (Table) were incubated with 1 Kg of >-Nogo A or >-AA or pre-immune serum at 4-C overnight. This mixture was subsequently incubated with Protein G beads (Sigma) for 2 to 4 hours at 4-C. The beads were washed 3 times, once in 20 mM Tris buffer, pH 7.5, containing 150 mM NaCl, 1 mM CaCl 2 , 1 mM MgCl 2 , 1% Triton X-100, protease and phosphatase inhibitors, and twice in the same buffer containing only 0.1% Triton X-100. The beads were re-suspended in SDS-PAGE loading buffer, boiled, and analyzed by Western blot.
Characterization of >-Nogo-A Antibodies
COS1 cells were maintained in culture with Dulbeccós modified Eagle_s medium, supplemented with 10% fetal bovine serum, glutamine, and antibiotics (all purchased from GIBCO Life Technologies, Paisley, UK). Cells were grown in 35-mmdiameter 6-well multiplates (Nunc, Roskilde, Denmark) containing 10-mm-diameter glass coverslips at 60 to 70% confluence and transiently transfected with N-terminal HAtagged human RTN4-A/Nogo-A (pCAGGS-HA-RTN-XS, [54] ) or human RTN4-B/Nogo-B (pCMV-ASY/Nogo-B [55] ) using Lipofectamine-Plus reagents according to the manufacturer_s instructions (GIBCO Life Technologies). Seventytwo hours later, the coverslips were removed from the culture plate and fixed in 1% buffered paraformaldehyde (15 minutes, 4-C), rinsed in PBS 0.1M, pH 7.2Y7.5, and stored. The remaining cells were scraped and harvested in Laemmli sample buffer. Cell extracts were separated by 6 to 10% SDS-PAGE electrophoresis, electro-transferred to nitrocellulose membranes and immunoblotted. Parallel coverslips were permeabilized with 0.1 M PBS containing 0.5% Triton X-100 for 15 minutes, blocked with normal goat serum, and sequentially incubated with primary antibodies for 2 hours at 30-C and then for 1 hour with Alexa Fluor-tagged secondary antibodies. After rinsing in PBS, cells were stained with Bisbenzimide (Hoescht 32444, 1 KM in PBS 0.1M, for 10 minutes), rinsed, and mounted in Fluoromount (Vector Labs, Burlingame, CA). In addition, primary antibodies were also checked on Western blots of brain protein extracts from newborn mice obtained in HB buffer as above.
Immunohistochemical Techniques
Sections (40-to 50-Km-thick) were obtained in a freezing microtome (Leica, Wetzlar, Germany) and processed. For immunohistochemistry, the sections were processed a follows: after rinsing in 0.1 M PBS, endogenous peroxidase activity was inhibited by a solution of 10% methanol and 3% hydrogen peroxide for 25 to 30 minutes. After blocking in a solution containing 10% normal serum for 2 hours, free-floating sections were incubated overnight with primary antibodies at Principal neurons (arrows) and lipid deposits (arrowheads) can be seen. A, alveus; CA1-3, cornus ammonis region 1Y3; DG, dentate gyrus; EC, entorhinal cortex; GL, granule layer; ML, molecular layer; PL, polymorphic cell layer; S, subiculum, SL, stratum lucidum; SLM, stratum lacunosum-moleculare; SP, stratum pyramidale; SR, stratum radiatum. Scale bars = (A) 500 Km pertains to (B); (C) 500 Km; (DYJ) 50 Km.
4-C.
All primary antibodies were diluted in 0.1M PBS containing 5% normal serum, 0.2% gelatin and 0.5% Triton X-100. Tissuebound primary antibody was detected utilizing the ABC method (Vector Laboratories). Peroxidase activity was revealed using 0.03% DAB and 0.01% hydrogen peroxide. Afterwards, sections were mounted onto gelatinized slides, dehydrated, and coverslipped with Eukitt (Merck, Darmstadt, Germany).
In sections processed for immunofluorescence, primary antibodies were detected with Alexa-Fluor 488-, Alexa-Fluor 568-(Molecular Probes, Eugene, OR) or AMCA-tagged secondary antibodies (Vector Laboratories). Sections were mounted on Fluoromount and analyzed with a Leica Confocal microscope (TCS SPII, Leica).
Immunocytochemical controls, including omission of the primary antibody or its substitution by normal serum, prevented immunostaining in sections from non-AD and AD brains. For quantitative study, the mean number of Nogo-A-positive pyramidal cells in a 500-Km segment of the pyramidal layer in the CA2 and CA3 regions of consecutive sections (n = 3) of selected non-AD (3 cases) and AD (3 cases) as well as epileptic (2 cases) subjects was counted using a 40x oil immersion objective.
RESULTS
Characterization of >-Nogo-A Primary Antibodies
Immunoblot analysis using both >-Nogo-A and N-18 antibodies (Fig. 1) , but not NG1 monoclonal antibody, detected a band of approximately 220 kDa in mouse brain extracts and in lysates of RTN4-A transfected COS1 cells (Fig. 1B) . However, only N-18 identified a band of approximately 80 kDa in RTN4-B/Nogo-B transfected COS1 cells and the endogenous Nogo-B expressed in Mock and RTN4-B transfected COS1 cells of monkey kidney origin (Fig. 1B) . In addition, COS1 cells transfected with HA-tagged RTN4-A/Nogo-A cDNA revealed an internal membrane staining pattern characteristic of the endoplasmic reticulum using antibodies against Nogo-A and NG1 (Fig. 1C) . This labeling strongly matches the distribution pattern of the HA-epitope of the fusion protein revealed by the >-HA antibody (Fig. 1D) , thus indicating that the >-Nogo-A antibody recognizes the HA-tagged RTN4-A/Nogo-A protein. Similar results were obtained using the N-18 antibody from Santa Cruz (Fig. 1F ) and the monoclonal NG1 (see Fig. 2G for labeling in human tissue). However, diffuse fluorescence labeling by >-Nogo-A or NG1 was observed when COS1 cells were transfected with RTN4-B/Nogo-B (Fig. 1E) , in contrast to those labeled by the N-18 antibody (Fig. 1G) . Taken together, these results demonstrate that the antibodies against Nogo-A used in the present study exclusively recognize Nogo-A in humans and rodents.
Nogo-A Expression in Normal Aging and in AD Hippocampal Formation
To improve the definition of laminar boundaries, some sections parallel to those used for Nogo-A immunocytochemistry were either immunostained with the >-MAG antibody or Nissl-stained ( Fig. 2A, B) . The cell pattern and distribution of Nogo-A immunolabeling in tissue samples of human hippocampi was highly sensitive during postmortem and paraformaldehyde fixation. Postmortem times longer than 6 to 7 hours prior to autopsy, or prolonged paraformaldehyde fixation (more than 4 to 5 days), significantly decreased neuronal Nogo-A staining. For example, in cases AD 122 and non-AD 22 (Table) , where paraformaldehyde fixation lasted more than 10 to 15 days, Nogo-A was limited to small cells (oligodendrocytes, see below) in the white matter (Supplementary Fig. 1) .
The pattern of Nogo-A immunostaining in the human hippocampal formation of aged cases was similar to that reported in adult rodents (53) . Thus, Nogo-A immunoreactivity was prominent in the white matter and fimbria, as well as in neural parenchyma of both the entorhinal cortex and hippocampus, which matched the distribution of myelinated fiber tracts in the hippocampus, as determined by MAG labeling (Fig. 2B) . Both principal and non-pyramidal neurons were immunolabeled with >-Nogo-A antibody, as well smallsized cells (8-to 10-Km-diameter main axis) resembling oligodendrocytes (Fig. 2) . This was confirmed by double fluorescence labeling using >-Carnosine (a oligodendrocyte marker (56, 57) and >-Nogo-A antibodies (Fig. 2H, I ).
Interestingly, numerous, but not all, granule cells in the dentate gyrus were also immunostained, displaying a Golgi-like pattern with apical dendrites expanding into the molecular layer (Fig. 2CYE) . Moreover, mossy fiber projections were particularly immunolabeled (Fig. 2C) . A detailed analysis of Nogo-A immunoreactivity in granule cells indicated a moderate increase in older (>65 years) than in middle-aged (50 years) cases (Fig. 2D, E) . In addition, a few pyramidal neurons in the hippocampus proper (CA1-3) were slightly immunostained, with increasing numbers in the subiculum and the adjacent entorhinal cortex (Fig. 2G) , as well as in the frontal cortex (Fig. 2J ). This pattern was obtained equally using either >-Nogo-A or NG1 antibodies. Lastly, Nogo-A-positive non-pyramidal neurons exhibiting multipolar, inverted-pyramidal or more irregular shapes were seen scattered in pyramidal, granule and polymorphic cell layers of the hippocampus, as well as in the entorhinal cortex (Fig. 2E) . Taken together, these results corroborate that Nogo-A is expressed in neurons and oligodendrocytes in the human hippocampal formation.
The distribution pattern for Nogo-A-immunoreactive elements in the hippocampal formation in AD was similar to that observed in normal aging with the white matter, granule cells, and mossy fiber projections clearly delineated. Moreover, oligodendrocytes were seen in both the stratum radiatum and stratum lacunosum-moleculare (Fig. 3) . However, increased numbers of Nogo-A-positive polymorphic and pyramidal cells, especially in the CA3-2 regions, were seen in the AD hippocampus, in contrast to non-AD samples (30.6 T 3.1 (AD) vs 5.1 T 0.5 (non-AD; mean T SDM) (Fig. 3B, C, E) . This was also observed in the HF of epileptic patients (Fig. 3D, E) . Increased Nogo-A expression by commissural/ associative cells correlated with the prominent immunoreactivity found in the inner portion of the molecular layer of the dentate gyrus (Fig. 4A) . In addition, increased numbers of pyramidal cells were also immunolabeled in the CA1 (Fig. 3G ) and in the frontal cortex (Figs. 3G, 4C) .
Strong Nogo-A immunoreactivity was also localized in neuritic plaques, as revealed with NG1 and >-Nogo-A antibodies in the hippocampus as well as in the entorhinal cortex (Fig. 4A, B, DYF) . A quantitative study revealed that 64% of amyloid deposits in the HF were associated with Nogo-A-containing cellular processes. This labeling was not observed in immunocytochemical controls. However, Nogo-A did not co-immunoprecipitate with either AA or APP as determined in parallel experiments, a feature that suggest no physical interaction (Supplementary Fig. 2 ). Finally, . Asterisks indicate statistically significant differences between AD/epileptic and nAD (non-AD or age-matched controls) columns (**, p G 0.05; Student t-test) (F) Photomicrograph illustrating examples of Nogo-A-immunoreactive pyramidal cells localized in the blue-boxed region of (A). A, alveus; CA1-3, cornus ammonis region 1Y3; DG, dentate gyrus; EC, entorhinal cortex; GL, granule layer; ML, molecular layer; PL, polymorphic cell layer; S, subiculum, SL, stratum lucidum; SLM, stratum lacunosummoleculare; SP, stratum pyramidale; SR, stratum radiatum. Scale bars = (A) 500 Km; (BYD, F) 75 Km.
Quantitative Western Immunoblot Analysis of Nogo-A and MBP in AD Hippocampal Formation and Frontal Cortex
Several authors have described increased Nogo-A expression in brain syndromes or diseases (34, 40) .Therefore, we investigated whether differences in Nogo-A cellular expression in AD when compared with age-matched controls correlated with the total Nogo-A protein content (Fig. 5) . Immunoblot analysis using the >-Nogo-A antibody detected a band of 200 to 210 kDa in protein extracts from human hippocampi and frontal cortices (AD and non-AD) (Fig. 5A) . In these experiments, nitrocellulose membranes were also immunoblotted to determine NSE levels and thereby correlate them to Nogo-A and/or to MBP protein. Densitometric analyses were focused on the 200-to 210-kDa band of I], arrows) . A, alveus; CA1-3, cornus ammonis region 1Y3; DG, dentate gyrus; EC, entorhinal cortex; GL, granule layer; ML, molecular layer; PL, polymorphic cell layer; S, subiculum, SL, stratum lucidum; SLM, stratum lacunosum-moleculare; SP, stratum pyramidale; SR, stratum radiatum. Scale bars = (A) 100 Km; (BYC) 50 Km; (D,G) 50 Km pertains to (E, F) and (H, I), respectively.
Nogo-A, the 50-kDa band of NSE, and the 29-21-kDa band of MBP (see Material and Methods for details) (Fig. 5B) . Increased Nogo-A protein levels were calculated in samples from frontal cortex and hippocampal formation. A significant increase in Nogo-A protein levels (1.4-fold increase in frontal cortex and 1.17-fold increase in HF; p G 0.05, Student t-test) was observed in AD compared with age-matched controls (Fig. 5B) , thus supporting the view that Nogo-A is overexpressed in AD. MBP protein levels were also increased (1.14-fold increase in frontal cortex; and 1.19-fold increase in HF; p G 0.1 and p G 0.05, respectively, Student t-test) in AD compared with age-matched controls (Fig. 5B) .
DISCUSSION
Myelin-Associated Proteins in Human Hippocampal Formation in Normal Aging and in Alzheimer Disease
We have studied the expression of Nogo-A in normal aging and in AD by using immunocytochemical and Western blotting techniques. Since different results have been published for human samples (33, 34) , special care was taken to establish the specificity of the primary >-Nogo-A antibodies used in the present study. The specificity of the primary antibodies was verified by Western blots of brain extracts, as well as by immunostaining of cells transfected with cDNAs encoding human RTN4-A/Nogo-A or RTN4-B/Nogo-B.
The adult distribution patterns of Nogo-A immunoreactivity and cell staining with >-Nogo-A and the NG1 antibodies in aged human hippocampal formation were similar but not identical to those reported in mouse (27, 53) and rats (58) . In addition, our results were slightly different than those recently described by Bandtlow et al, where little or no neuronal staining was noted in 30-to 40-year-old human hippocampi (34) , but contradictory to reported by Buss et al, who found no labeling of granule and pyramidal cells in the human hippocampus from individuals of 70 to 80 years of age (33) . However, we obtained similar results to Bandtlow et al, in epileptic hippocampal sections immunostained with our >-Nogo-A antibody. Thus, these minor differences between the results published by Bandtlow and our own (e.g. granule cell labeling) may reflect age-related changes in the hippocampal circuitry (see below) with increased Nogo-A expression in older subjects. Nevertheless, we believe that the discrepancies between our study and that of Buss et al can be attributed to differences in sample manipulation and/or immunocytochemical procedures, because the work of Buss et al was carried out in paraffin sections in which antigenicity might have been reduced. In fact, our preliminary studies had shown that paraffin embedding largely reduces Nogo-A immunoreactivity (unpublished observations). Similar discrepancies have been reported during the characterization of Nogo-A-immunoreactive elements in rodent CNS. Two studies have shown absence of neuronal Nogo-A staining (27, 49) . However, Nogo-A immunoreactivity in neurons and oligodendrocytes has been extensively described by several groups and in several species (mice and rats [27, 53, 58] , Xenopus [59] , and humans [40] ), and it has been recently characterized by Dood et al (29) . Moreover, it is relevant that Nogo-A is localized in the soma of the granule cells and their axons: for example, the mossy fibers, a non-myelinated connection in humans (Fig. 2) . This also occurs in sclerotic and non-sclerotic epileptic hippocampi ( [34] and present results). Together, these findings support the hypothesis that Nogo-A may have different roles, including participation in neuronal survival and synaptic remodeling or stabilization, in addition to those associated with myelin formation and stabilization.
Functions of Myelin-Associated Proteins in AD
A recent study by Tian et al reported that 63.5% of patients with autopsy-confirmed AD displayed a decrease in white matter, particularly in the occipital cortex (60) . Although a detailed study of a putative decrease in the white matter was not addressed in the present study, we showed an increase in Nogo-A and a slight increase in MBP protein in the frontal cortex and the HF in advanced AD (stages V/VI of Braak and Braak). As indicated above, Nogo-A is expressed in neurons as well as in oligodendrocytes; in contrast, MBP can be over-expressed by reactive oligodendrocyte progenitors and reactive oligodendrocytes. In addition, it has been reported that, under certain circumstances, a demyelination in the adult CNS can be followed by a considerable degree of repair, at least for several axonal tracts (the cerebellar peduncle), in which axons are invested with new myelin sheaths (61, 62) . Thus, the over-expression of certain myelinassociated proteins (e.g. MBP) may form part of the oligodendrocyte responses to axonal impairment, aimed to direct the restoration of myelin sheaths and functional neuronal recovery. Increased expression of myelin-associated proteins (MBP) mRNA in AD has already been reported (45) . In the present study, we were unable to distinguish specific over-expression of Nogo-A or MBP in oligodendrocytes. However, we showed by Western blotting that MBP protein levels are slightly increased in AD. This over-expression confirms recent studies reporting the over-expression of other myelin-associated proteins such as MAG and MBP in reactive oligodendrocytes following ischemia (63), CNS lesions (27, (64) (65) (66) , and in the demyelinating lesions in multiple sclerosis or familial amyotrophic lateral sclerosis (39, 40) . While the biological effects of MBP over-expression in several patients remain unknown, we can hypothesize that increased myelin protein synthesis in surviving oligodendrocytes may constitute an attempt to repair affected myelin tracts, as suggested by Jensen et al in the hippocampus following EC lesions (64, 65) . In contrast, Nogo-A over-expression in neurons may reflect functions other than myelin stabilization.
A large number of intracellular interactions have been attributed to Reticulon protein family members (22) . For example, Nogo-A co-immunoprecipitates with cytoskeletal (>-tubulin) (67), mitochondrial (68) , and myelin (MBP) proteins (67) , as well as with anti-apoptotic members of the Bcl-2 protein family (54) . In addition, members of the Reticulon protein family play relevant roles in the vesicular trafficking of proteins from the endoplasmic reticulum to other intracellular compartments such as the Golgi complex and endosomes (69) . Taken together, these findings indicate that Nogo proteins contribute to neuronal physiology and cellular homeostasis.
As mentioned above, we demonstrated increased Nogo-A immunoreactivity by pyramidal cells in the CA3-2 region of the hippocampus in AD when compare with agematched controls. The entorhino-hippocampal connections are reduced during normal aging, but they are particularly affected in AD, since extensive loss of projecting neurons from layers II to III of the entorhinal cortex occurs in affected brains (3) . In addition, transneuronal cell death of granule cells occurs following entorhinal lesions in experimental animals models (70) . In AD brains, axon sprouting from commissural/associative connections increases positive feedback in the dentate gyrus following entorhinal cell loss (71, 72) . In addition, Nogo-A and its receptor have been localized in synaptic contacts (27, 29, 73) and the blockade of Nogo-A enhances axonal sprouting in neurons (36, 74, 75) . Finally, a fast but transient decrease in Nogo-A expression in cells undergoing axonal sprouting has been reported in lesioned hippocampi (35, 37, 53) . Conversely, Nogo-A over-expression has been determined in axotomized neurons (Lam et al, 2005 , Soc Neurosci Abstract, A.M. and J.A.D.R., unpublished results). Axonal sprouting and synaptic reorganization also occur in the hippocampus in cases with temporal epilepsy, where severe hippocampal degeneration is often observed, and where increased Nogo-A protein levels have been noted from early non-sclerotic stages (34) . While the exact role of Nogo-A in these events is unknown, an interesting possibility which needs further study, is that Nogo-A expression may increase in the neuron after its sprouting process takes place. Thus, delayed Nogo-A overexpression may contribute to reactive synapse formation in AD, perhaps by providing additional synaptic stability beyond the decline predicted from cell loss.
Myelin-Associated Proteins and AA Plaque Formation
In the present study, we described the presence of Nogo-A in neuritic plaques in the hippocampus of AD. These findings are in agreement with the observation of Nogo-A in the vicinity of AA deposits in transgenic mice bearing the APP-Swedish mutation (Prinjha et al, 2003 , Soc Neurosci Abstract). However, we were unable to coimmunoprecipitate Nogo-A with AA or APP in AD-affected brains although we used several antibodies ( Supplementary  Fig. 2 ). Taken together, these results open challenging questions as whether Nogo-A expression is modulated by AA or their participation in the neurotoxic effect of AA. Interestingly, a recent study by He et al reported that both RTN3 and RTN4-B (Nogo-B) interact with BACE1 (Asecretase), increasing AA production when they were overexpressed (76) . Taken together, these results indicate that members of Reticulon proteins may play a role in APPprocessing, as well as in AA plaque formation, both of which warrant further analysis. In conclusion, we believe that our study reinforces the hypothesis that Reticulon proteins such as Nogo-A participate in cell responses occurring in AD, thus opening the possibility to consider these proteins as new putative drug targets in AD, as recently suggested in other neurodegenerative disorders (77) .
